SUMMARY Minoxidil is a clinically effective vasodilator with a low order of toxicity, except for a caninespecific lesion of the right atrium of the heart of dogs after they are given daily doses of 1 mg/kg or greater for 30 days. In these experiments the canine right atrial lesion was generally located adjacent to the second of the three atrial branches of the right coronary artery and had grossly red or yellowish thickening of the atrial wall.
Microscopically there was extravasation of a few intact red cells, atrophy of myocardial cells adjacent to the subepicardium, the presence of mast cells and macrophages containing hemosiderin with subsequent proliferation of angioblasts and connective tissue cells. Cytoplasmic loss in myocardial cells of the left ventricular papillary muscle identical in all respects to that seen after other hypotensive agents and fi-adrenoceptor agonists was also observed in minoxidil-treated rodents and dogs. Seventy-nine of 158 patients who died secondary to severe hypertension but who received minoxidil were autopsied. Six cases had significant right atrial pathology not related to gross and histologic changes found in the right atrial lesions of dogs. A prospective study of the right atrium of normotensive and hypertensive patients not treated with minoxidil shows an increasing frequency of histologic changes, such as myocardial fibrosis and hydropic vacuolization that are related to age and the presence of hypertension. MINOXIDIL (Loniten, Upjohn) is a chemically unique ( fig. 1 ), orally active vasodilator drug that profoundly and consistently reduces mean blood pressure in rats, miniature pigs, rhesus monkeys, normotensive mongrel and beagle and hypertensive mongrel dogs.' Several clinical trials have reconfirmed its efficacy;2 3 a controlled trial by Dargie et al. 4 showed that minoxidil, in combination with propranolol and diuretics, lowers the blood pressure of hypertensive patients resistant to treatment with large doses of standard antihypertensive drugs. The therapeutic importance of chronically administered minoxidil in man stimulated comprehensive toxicologic studies. In general, the drug has little toxicity when given intraperitoneally or orally and causes minimal pharmacologic effects except in thecardiovascular system. The drug does produce hirsutism in humans, an annoying side effect, especially in women. Teratology studies in pregnant rats and rabbits were negative. Daily doses of 7 mg/kg of body weight in monkeys and 30 mg/kg in rats older than 1 year caused no significant organ abnormalities. 5 Toxicity in canines is also of a low order, but a species-specific lesion of the right atrium of the heart occurs with single daily doses of 1 mg/kg or greater given for 1 month. A nonspecific myocardial lesion has also been described in rodents and dogs briefly treated with minoxidil, identical to those induced by hydralazine, other hypotensive agents and isoproterenol.6' 7 This lesion consists of a loss of cytoplasm in myocardial cells in the left ventricular papillary muscle.
The usefulness of minoxidil in hypertensive disease in man had to be carefully evaluated against the possible occurrence of right atrial lesions similar to those in the beagle and the nonspecific left ventricular papillary muscle change. Little information is available on gross and microscopic right atrial pathology. Infarcts and mural thrombi of the atria in humans have been however, comprehensive data of atrial changes associated with hypertension or with aging is not available. To evaluate any unique or accelerated minoxidil effects on the human right atrium and its appendage, we studied hypertensive and nonhypertensive patients not treated with minoxidil. The hearts of autopsied, minoxidil-treated patients were carefully examined for any gross or microscopic cardiac pathology with sections taken from any visible lesion site. In this paper we review the cardiac findings in dogs treated with minoxidil, the prospective autopsy study of the human right atrium and the observations of whole hearts in autopsied, minoxidiltreated patients.
Methods

Animal Studies
Equal numbers of male and female beagle dogs that weighed 9-13 kg were obtained from the Upjohn colony. Minoxidil, in hard-filled gelatin capsules, was given orally each day at dose levels of 0.5, 1.0, 20 or 100 mg/kg for 1 month and 3, 10 or 30 mg/kg daily for 1 year. In each study, a control group of dogs received empty gelatin capsules. Chemical, hematologic and urine assays were done periodically. Observations of food consumption and body weights were made daily. After the experiment, each dog had an autopsy, including microscopic examination of all organs and examination of any grossly visible lesion in all organs, including the heart.
Right Atrial and Auricular Appendage Histology of Nonhypertensive and Hypertensive Humans
A detailed gross and microscopic protocol was followed to gather comparative histologic data of the right atrium and its appendage in patients with hypertension. None of these subjects had received minoxidil. A clinical synopsis accompanied the autopsy slides and reports.
Examination of the heart included its weight and a detailed description of any malformation. Seven sections of the right atrium were taken from each autopsied case. Sections I, II and III were the medial portion of the right auricular appendage adjacent to the coronary sulcus, the superior portion of the right auricular appendage, including the crista terminalis, and the right auricular appendage overlying the aorta. Section IV was taken from the area overlying the fossa ovalis; section V, opposite the valve of the coronary sinus, including the atrioventricular node; section VI, vertically in front of the coronary sinus; and section VII, from the midportion of the musculi pectinate of the auricular appendage.
A microscopic report form was completed by the prosector, and a control microscopic examination was done by a second pathologist without knowledge of the clinical or gross findings. Autopsies were performed at the United Hospitals, St. Paul, Minnesota; the University of Chicago, Chicago, Illinois; and at the University of Michigan Medical Center, Ann Arbor, Michigan.
Human Autopsy Material: Patients Treated with Minoxidil
Clinical trials in 1969 and 1970 limited minoxidil therapy to 2 weeks and a maximum daily dose of 40 mg. Because these early studies indicated that minoxidil possessed blood pressure-lowering efficacy, a multiclinic trial with restricted eligibility was authorized. Only patients whose hypertension was not adequately controlled with standard antihypertensive agents were treated. Many of these were critically and some terminally ill. Investigators were urged to obtain autopsies on any patients who took minoxidil. Pathologists were asked to forward blocks or slides to The Upjohn Clinical Research Laboratories for review. Dogs given diazoxide, hydralazine, isoproterenol and minoxidil for 2-3 days only were observed to develop left ventricular papillary muscle changes,7 so we also looked for this abnormality in minoxidiltreated humans.
Results
Animal Studies
All dogs who received a dose of 10 mg/kg and higher developed a persistent tachycardia. Beagles who received up to 20 mg/kg/day did not exhibit changes in their food consumption or body weight. The dogs who received doses of 30 and 100 mg/kg vomited and ate less. Dogs at the 100-mg/kg dose level died by the sixteenth day of treatment secondary to vomiting and decreased food intake, which was accompanied by low serum sodium and potassium levels. Hematocrit and hemoglobin values decreased in dogs treated with 3 mg/kg or higher, indicating hemodilution. Except for an occasional isolated abnormal blood chemistry assay, only glucose levels were persistently and unexplainably elevated, especially in animals at the 20-mg/kg dose level.
Autopsy studies of the dogs showed that individual weights for the adrenal, kidney, liver, heart, brain, thyroid, testes and prostate were within normal range. Group-average data for treated dogs, however, suggested increased adrenal, kidney, liver and heart weights (table 1) . Pathologic gross or microscopic findings, other than that of an incidental nature, were generally confined to the heart. Lesions of the right atrium seen at dose levels of 1-30 mg/kg were not observed at 100 mg/kg because of electrolyte imbalance-induced death at or before day 16 of the study. Also, beagles that received 0.5 mg/kg/day did not develop the right atrial lesion. Three of six dogs who received 1 mg/kg/day of minoxidil for 1 month had right atrial lesions, while all eight dogs at 20 mg/kg had lesions. Not all the beagles in a 1-year study who received doses of 3, 10 or 30 mg/kg developed the right atrial lesion. Animals at the 100-mg/kg dose level had no gross right atrial lesion but did have a mild general myocardial cell degeneration, possibly explained by low sodium and potassium electrolyte levels. The most prominent site of the mild general myocardial cell degeneration was in the left ventricular papillary muscle, which had a loss of myocardial cell cytoplasm.
The right atrial lesion could always be detected grossly and was red, reflecting diapedesis or hemorrhage, or yellowish, signaling the presence of macrophages and hemosiderin. Thrombus formation was never seen. The most common site for early lesions was adjacent to the second of the three atrial branches of the right coronary artery. The first branch, which lies under the auricular appendage, was the next most common site. With time, lesions could expand to involve the entire outer wall of the atrium and the entire auricular appendage, sometimes resulting in considerable thickening of these structures (figs. 2 and 3). Despite the occasional extensive involvement of the entire wall of the right atrium, no dog had any evidence of functional or anatomic failure of the wall as a result of the right atrial lesion.
Microscopically, the earliest change was the extravascular presence of a few intact red blood cells in the subepicardium and atrophy of myocardial cells immediately adjacent to the subepicardium. Later, myocardial cell atrophy became more widespread and macrophages containing hemosiderin and mast cells were seen. Inflammatory cells were not a prominent component of most lesions. In more advanced lesions, proliferation of angioblasts and of connective tissue cells was common (figs. 4-7). Acute and chronic components of this lesion were found even after 1 year of treatment, adjacent to each other. FIGURE 2. Specimen from a beagle given 30 mg ofminoxidil every day 6 days per week for 1 year. The entire atrium is thickened and hemorrhagic. Small histologic differences exist between the 30-59-year-old nonhypertensive and hypertensive groups. Myocardial fibrosis, eosinophilic fibers and an increased fiber size is more prominent in the hypertensive than in the nonhypertensive group. Surprisingly, the nonhypertensives had more epicardial fibrosis, endocardial fibrosis and hydropic vacuolization.
A comparison of the over-60 age group of nonhypertensive and hypertensive autopsy cases shows a FIGURE 4. Photomicrograph from the right atrium of a beagle treated with 20 mg/kg ofminoxidilfor 30 days. The lesion involves the full thickness of the atrium. The increased cellularity, especially in the subepicardium, is apparent. Hematoxylineosin stain; magnification X 40. 7 
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, R~F IGURE 5. A higher magnification of figure 4 Hematoxylin-eosin stain; magnification x 100. similar percentage of epicardial, myocardial and endocardial fibrosis in each group. The hypertensive group in this age bracket has a greater percentage of hydropic vacuolozation and increased fiber size. Hypertensive patients appeared to accelerate right auricular changes with age compared with the nonhypertensive group. One patient in each of the hypertensive and nonhypertensive over-60 age group showed microscopic changes associated with acute infarction.
Autopsies of Patients Treated with Minoxidil
In the first 6 years of studies with minoxidil, 1071 patients received the compound; 158 died. One hun-dred four deaths occurred while the patient was taking minoxidil and 54 died after it had been discontinued. Seventy-eight autopsies were performed. All portions of the heart in these autopsies were carefully examined and sections of any visible lesions taken for microscopic examination. The protocol comparing hypertensive and nonhypertensive right auricular pathologic changes in subjects not taking minoxidil was developed subsequent to autopsies on those treated with minoxidil. Comparable cardiac area sections were not available of the minoxidil-treated patients and those in the baseline autopsy study.
Six of the autopsied cases had significant right atrial pathology. A 49-year-old black woman with refractory hypertension, chronic renal failure and recurrent congestive heart failure was treated with minoxidil and other medications for 20 weeks and died of uremia and a hemorrhaging gastric ulcer. Autopsy showed severe nephrosclerosis and vascular changes consistent with the clinical diagnosis of malignant hypertension. The heart showed pale areas of myocardium focally, mostly in the left ventricle. There was no hemorrhage into the myocardium. Microscopically, there were arterial occlusions in the heart, pancreas and periadrenal tissues similar to those of thrombotic thrombocytopenic purpura. There were no histologic similarities to the canine lesion.
A 52-year-old black man had severe hypertension secondary to renal artery stenosis and congestive heart failure. Other diagnoses included sickle cell trait, a questionable subendocardial infarction, pyuria and microangiopathic hemolytic anemia. He received minoxidil for 2 years, along with propranolol, ethacrynic acid, allopurinol, digoxin and hydrochlorothiazide. He was last hospitalized for profuse gastrointestinal bleeding originating in the cecal area. Vasopressin selectively infused into a branch of the superior mesenteric artery controlled the bleeding. However, oliguria and uremic pericarditis with tamponade developed and resulted in death.
Autopsy showed an angiitis in the right atrium and Necrotizing angiitis was present also in the cecal, appendiceal, duodenal and pancreatic vessels.
Case C
A 38-year-old black man with severe hypertension and progressive renal failure received minoxidil for 4 months but not during the last 10 days of life. He had been given a varietv of other drugsdiazoxide, propranolol, hydrochlorothiazide, furosemide, hydralazine, methyldopa, heparin, penicillin, gentamicin and parenteral adrenal steroids. Soon after, a bilateral nephrectomy was performed because of cachexia and uncontrolled hypertension. Subsequently, he became hypotensive, hypothermic and suffered cardiac and respiratory arrest, from which he recovered. M-Iowever, a week later he developed bronchopneumonia and died.
The epicardial surface of the right atrium had multiple ecchymoses. There was marked serous atrophy of the pericardial fat, and the right atrial appendage appeared dull and red-purple. The lumen of the atrial appendage was partially filled by an attached and organizing mural thrombus; there were several small areas of ecchymosis around the atrial appendage.
Epicardial ecchymosis extended into the myocardium but only occasionally to the endocardium.
Microscopic examination revealed a right atrial infarct and organizing mural thrombus. Sections of the right atrium showed zones of necrosis and surrounding areas of hydropic vacuolization ( fig. 9 ). There was a noticeable paucity of mononuclear cell infiltrate typical of right atrial infarction. There was red cell extravasation into the epicardium but no unusual fibroblastic or angioblastic proliferation or hemosiderin deposition, as seen in the baseline hypertensive and nonhypertensive right auricular autopsy protocol. The final diagnosis was right atrial infarction with organizing mural thrombus.
Case D
This 47-year-old black male had a long history of hypertension, with recent acceleration and progressive renal failure. In the 8 months before his death, the patient's medical regimen included chronic hemodialysis, placement of an atrioventricular transvenous pacemaker for junctional arrhythmia and administration of minoxidil. During the 3 weeks before his death, he suffered from progressive uremic symptoms, congestive heart failure and organic brain syndrome. Autopsy revealed hypertensive and uremic changes. The heart showed left ventricular hypertrophy and diffuse fibrinoid pericarditis. The transvenous pacemaker wires had broken and pierced the right atrial wall, eliciting a marked proliferative endocardial reaction that entrapped both pacemaker wires. In addition, a small mural thrombus was attached to this site of injury in the right atrium.
Microscopically, sections of the atrium showed significant hydropic vacuolization most marked in the subendocardial region of the right atrium. These findings were consistent with damage caused by the pacemaker wires.
Case E
This patient was a 49-year-old black male with a diagnosis of severe hypertension made 2 years before his death. His blood pressure was controlled reasonably well with a combination of hydralazine, propranolol, hydrochlorothiazide, guanethidine, potassium chloride and a low-sodium diet. Approximately 1 month before his death, the patient developed a severe anemia, increased azotemia and some loss of drug control of his hypertension. Despite FIGURE 9 . Section of the right atrium from a minoxidiltreated man (case C) that shows an area of necrosis surrounded by a zone of hydropic vacuolization. There is lack of red cell hemorrhage, capillary proliferation and hemosiderin deposition. Hematoxylin-eosin stain; magnification X 250. larger doses of his medications, he was hospitalized with progressing azotemia and mental confusion 1 week before his death, when minoxidil was added to his regimen. After his hospitalization, the patient continued to exhibit periods of mental confusion and even psychotic behavior. He died in bed with no discernible acute inciting cause.
Autopsy showed arterial and arteriolar nephrosclerosis, pulmonary edema with focal pneumonia, multiple old infarcts of the cerebral cortex, basal ganglia, and pons, with focal arteriosclerosis of the inferior cerebellar arteries.
The heart was hypertrophied and had fibrosis and recent ischemic necrosis of the left papillary muscles. There was a mural thrombus in the right auricular appendage. The heart had moderate generalized coronary atherosclerosis. Microscopic findings in the right auricular appendage included the presence of an organizing thrombus, hypertrophied myocardial fibers, fibrosis, hydropic degeneration and subepicardial eosinophilic fibers and necrosis consistent with right atrial infarction. w Case F This 29-year-old white male was treated with minoxidil 2 weeks before his death. He had a diagnosis of polyarteritis nodosa and severe hypertension, which was under treatment with propranolol, furosemide, digoxin and prednisolone in addition to minoxidil. The patient was last admitted to the hospital with complaints of malaise, myalgia, shortness of breath and cough. One day after admission, he appeared very lethargic, became unconscious and died.
Autopsy showed severe bilateral bronchial pneumonia and acute trachael bronchitis. He also had chronic pyelonephritis, severe arteriolar nephrosclerosis, cardiomegaly with left ventricular hypertrophy, and diffuse myocardial fibrosis. Right atrial pathologic findings included the presence of an organized thrombus, hydropic degeneration and vacuolization of cardiac cells and fibrosis consistent with atrial infarction. Small arterioles showed medial hyperplasia and fibrinoid-like changes seen in patients with polyarteritis nodosa.
Gross and microscopic elements of the canine lesion are compared with human cases of right atrial pathology in table 4 . While one or more features of the canine, minoxidil-associated changes are present in each human case, no human case has a similar canine profile of gross and microscopic findings.
One hundred fifty-eight deaths are summarized in table 5, including the autopsied cases for a more comprehensive review of all patient diagnoses. Sixty-seven of the 158 patients were primarily chronic renal failure. The major disease subclasses coincidentally present were congestive heart failure, cardiac tamponade, pericarditis, gastrointestinal hemorrhage and cardiac arrhythmias. Almost all the patients in the other categories were affected with significant chronic renal failure but were classified under the more acutely inciting cause of death. The only right auricular pathology seen in the autopsied 78 cases of the total 158 deaths were described above in cases A-F. The acute myocardial infarction cases in table 5 had typical left ventricular histologic infarction changes. In one case, anteroposterior ventricular wall infarction extended to a portion of the left papillary muscle. Focal fibrosis, cardiac hypertrophy and atherosclerotic changes were seen in these patients, all of whom had severe hypertensive cardiovascular disease. The miscellaneous category included car accident, carcinoma, and heroin overdose deaths.
The preponderance of chronic renal failure in minoxidil-treated patients was predictable from the necessary process of the clinical development of the compound. Most patients treated with minoxidil were in an open-label study without a contemporaneous control group. Because of minoxidil-induced right atrial lesions in dogs, the use of the compound in humans was limited to severely hypertensive patients unresponsive to conventional medications. Emergency use of minoxidil was limited to patients who had documented evidence that their blood pressure was inadequately responsive to available medications prescribed in fully tolerated doses in all suitable combinations and that target-organ damage existed, which for the renal system included albuminuria and elevated serum creatinine. 
Discussion
The specific right atrial lesion described in the animal studies has been observed only in dogs and not in rats, miniature pigs, rhesus monkeys or man. This lesion is not found in all dogs treated with minoxidil at levels of 3, 10 or 30 mg/kg for 1 year and was of variable intensity (mild to extensive) in those dogs that had the lesion. It is difficult to discern whether the lesion develops on a physiologic or toxicologic basis. A physiologic basis is possible if the lesion occurs early in all dogs and disappears in some dogs while drug treatment continues. The major active 4-hydroxy metabolite of minoxidil also produces the right atrial lesion in beagles but, again, not in monkeys.5 These data support the thesis that the lesion is speciesspecific for the dog.
The dogs dosed at 100 mg/kg developed general myocardial cell degeneration, probably related to depressed sodium and potassium levels. None lived beyond 16 days, which may have been too short a time to develop significant atrial pathology. Dogs receiving 0.5 mg/kg/day did not develop the lesion, so this level appears to be the threshold above which lesions occur.
Microscopically, the canine lesions of the right atrium have two distinctive characteristics. First, they show considerable phagocytosis and hemosiderin pigment in the lesions. Accompanying these characteristics is hemorrhage of variable age with some degenerated red blood cells. Second, myocardial cells are replaced by proliferative fibroblastic and angioblastic cells. Significantly absent in the canine right atrial lesion is thrombus formation, massive hydropic vacuolization and evidence of vasculitis and/or microthrombi. When these positive and negative findings are profiled against the right auricular histology of cases A-F, no significant constellation of similarities appear between the human and canine lesion.
The vascular lesions in the heart and other organs of cases A and B are probably related directly to chronic uremia and long-standing severe hypertension. In animals, it has been shown experimentally in several species that loss of kidney function will produce occlusive vascular changes and necrotizing arteritis.10, 11 Minoxidil-treated animals with normal kidneys have not exhibited vasculitis in any organ.
Case C had multiple areas of ecchymoses on the epicardial surface of the right atrium. The right atrial appendage was discolored and the lumen of the atrial appendage was occluded by an organizing mural thrombus. Microscopically, the right auricular appendage had evidence of infarction and foamy degeneration of myocardial fibers.
Case D showed subendocardial degenerative vacuolar changes. The dominant pathology was secondary to irritation from the broken pacemaker wires, around which marked endocardial reactive fibroblastic changes occurred. While these reactive changes are histologically similar to the canine lesion, the obvious reaction of the cardiac tissue to the broken pacemaker wires makes any relationship to minoxidil therapy unlikely. Cardiac infarction in areas other than the left ventricle escape close histologic scrutiny. Only left ventricular infarcts produce impressive clinical changes.
In Soderstrom's review" of 190 autopsy cases with mural thrombi in the cardiac atria, atrial infarcts were observed in 46 cases in the right atrium and in one case in the left atrium. He attributed the rarity of the left atrial infarction to the higher oxygen tension of the blood within the lumen of the left atrium. The common change in the right atrium and appendage that may be mistaken for a minoxidil-induced lesion will probably be a right atrial infarction, as in cases C, E and F. Atrial infarcts have a unique histologic picture separate from that of the left ventricle. Such infarcts can be assumed to be present if a right atrial thrombus is present, but histologic confirmation is absolutely required. Most atrial infarcts are clinically silent and rarely produce observable ECG or x-ray changes. The lumen zone of the right atrial infarct presents with conspicuous degeneration, usually surrounded by foamy degeneration of myocardial cells. Very little polymorphonuclear or round-cell infiltration is present in these infarcted areas. Figure 10 shows such an infarction in the trabeculum of a 46-year-old male hypertensive treated with methyldopa and hydrochlorothiazide and never on minoxidil. This patient had a 90% reduction of patency of the right coronary artery.
When minoxidil was given to dogs at high doses (100 mg/kg) for as long as 16 days, a nonspecific myocardial cytoplasmic loss was seen. This lesion involved the loss of sarcoplasm from focal areas of myocardial cells in the left ventricle papillary muscles. This lesion may be similar to that induced by shortterm treatment, i.e., 1-3 days, with hypotensive agents.7 The left ventricular papillary muscle lesion induced by minoxidil, isoproterenol and hydralazine was not seen in minoxidil-treated patients at autopsy. The only changes seen in our autopsied cases were an extension of a left ventricular wall infarction to the left papillary muscle and, in some patients, focal fibrosis. These changes are not at all similar to the fragmented fibers, weakly striated, vacuolated, homogeneously eosinophilic or hyalinized muscle cells of the papillary areas seen in the animal studies. The finding of Herman et al. of hemorrhages on the epicardial/endocardial surfaces6 was not noted in any of the cases of short-term minoxidil use in humans.
Our baseline autopsy studies of right atrial pathology in hypertensive and nonhypertensive humans show that broad ranges of histologic changes occur in both groups of patients. Clearly, the right atrium and auricular appendage are not histologically "silent" areas. Histologic changes in this baseline study in both hypertensive and nonhypertensive patients reflect the metabolic and physiologic vulnerability of the right atrium. Diseases that produce increased intraatrial pressure and decreased tissue deoxygenation provoke a spectrum of tissue changes.
A potential chain of changes are hydropic vacuolization or eosinophilic fiber formation with isolated fiber necrosis resulting eventually in replacement by fibrosis. All of these changes in the cases of right auricular pathology of humans treated with minoxidil have been seen in the baseline study in both hypertensive and nonhypertensive cases. Hypersensitivity-type vasculitis reactions, however, were not found in our baseline studies. The small number of examined cases of hypertension may have masked this finding thus far. We expect that the right atrium is the site of more hypersensitivity reactions than other chambers of the heart because it is exposed to higher levels of drugs and metabolites not chemically modified by the lungs.
The mechanism by which the canine right atrial lesions are produced is not known. Two points of view remain prominent: (1) They are due to a metabolite of minoxidil unique to the dog, thus explaining the absence of the lesion in the other species; or (2) the hemodynamic consequences of minoxidil, not the drug per se, initiate tissue changes that result in the lesion. Hemodynamic changes caused by minoxidil include reduced blood pressure and peripheral resistance, increased heart rate and cardiac output, increased coronary flow and the anatomic circulatory adjustments that accompany such changes. Animal studies thus far seem to indicate that the second mechanism is more likely. Anatomic and biologic adaptations may permit cardiac injury induced by bronchodilators and antihypertensives to heal by fibrosis and not recur during continued dosing.12
There is no convincing evidence that the right auricular or the left ventricular papillary muscle lesion have occurred in minoxidil-treated humans. The prospective occurrence of such lesions in man remains under study. Continued surveillance of autopsied cases is planned, along with an expansion of our baseline autopsy study in order to gather enough cases to further compare age groups and evaluate the adverse or beneficial effects of standard hypertensive therapies on the right atrium and appendage. FIGURE 10 . Section from a hypertensive man who did not receive minoxidil. It shows an infarct in the trabeculum of the right atrium. Foamy degeneration is present in the lumen zone, extending around a necrotic area seen in the right side of the trabeculum. Hematoxylin-eosin stain; magnification X 45.
